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(54) Process and apparatus for optically identifying articles, carried by a transport system 



(57) Process for identifying articles which are at 
least partly made from at least one polymer, using an 
optical identification unit and a transport system, said 
process comprising the steps of: 

a) positioning the articles in the transport system 
such that a predetermined surface of each article is 
in a predetermined position 

b) moving the positioned articles past the optical 
identification unit using the transport system 

c) Irradiating the predetermined surfaces of the ar- 
ticles, measuring the response of the irradiated sur- 



faces using the optical identification unit, analyzing 
the response to identify the articles as to the type 
of polymer, 

wherein the process also comprises the step of: 

d) determining when the predetermined surfaces of 
the articles are accessible by the optical identifica- 
tion unit, 

and that the irradiation, measuring the response, 
and/or analyzing the response is started for each 
article individually, while the predetermined surface 
of said individual article is accessible by the optical 
identification unit. 
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Description 

[0001] The invention relates to a process for identify- 
ing articles which are at least partly made from at least 
one polymer, using an optical identification unit and a 5 
transport system, said process comprising the steps of: 

a) positioning the articles in the transport system 
such that a predetermined surface of each article Is 
in a predetermined position 

b) moving the positioned articles past the optical 
identification unit using the transport system 

c) irradiating the predetermined surfaces of the ar- 
ticles, measuring the response of the Irradiated sur- 
faces using the optical identification unit, analyzing 
the response to identify the articles as to the type 
of polymer. 

[0002] Such a process is known from WO-A- 
9906160. In the known process carpets to be identified 
are moved past an optical identification unit. The carpets 
to be identified are movably fixed to a transport rail using 
clamps which are provided with openings through which 
the carpets can be irradiated during movement past the 
optical identification unit. The clamps are positioned in 
such a way that the surfaces of the carpets in the open- 
ings of the clamps have a predetermined transverse po- 
sition relative to the optical identification unit during 
movement past the optical identification unit. Following 
identification, the carpets are transported further, and 
released from the clamps at a location in accordance 
with their identification. 

[0003] Typically, such an identification is based on the 
analysis of the response of the irradiated surface as a 
result of the irradiation. In particular if the spectral re- 
sponses of the different polymers to be identified are on- 
ly slightly different, small variations in measuring condi- 
tions can make the distinction between such polymers 
difficult. This is for instance the case if it is to be distin- 
guished between different types of polyamides, for in- 
stance between polyamide-6 and polyamide-6,6 of 
which the near-infrared spectra are only slightly differ- 
ent. In the process of WO-A-9906160 it appears to be 
difficult to distinguish between materials of which the re- 
sponses following irradiation are only slightly different. 
[0004] In view of the above it is the goal of the inven- 
tion to provide a process which does not have this dis- 
advantage, or in which this disadvantage is present to 
a considerable lesser extent. 

[0005] This goal is achieved according to the inven- 
tion in that the process also comprises the step of: 
d) determining when the predetermined surfaces of the 
articles are accessible by the optical identification unit, 
and in that the irradiation, measuring the response, and / 
or analyzing the response is started for each article in- 
dividually, while the predetermined surface of said indi- 
vidual article is accessible by the optical identification 
unit. According to the invention a very accurate identifi- 



cation is achieved, even If the spectral responses of the 
polymers to be identified are only slightly different. 
[0006] As used herein “accessible by the optical iden- 
tification unit" denotes that the predetermined surface 
can be reached by the irradiation beam or irradiation 
beams of the optical identification unit. As used herein 
"positioning the articles in the transport system such that 
a predetermined surface of each article is in a predeter- 
mined position” denotes positioning the articles in the 
transpot system such that a predetermined surface of 
each article is in a predetermined position while the pre- 
determined surface of said article is accesible by the op- 
tical identification unit. A predetermined position of the 
predetermined surface may for instance be a predeter- 
mined distance to the spectrometer and/or a predeter- 
mined angle with the irradiation beam or irradiation 
beams of the optical identification unit. 

[0007] The process of the invention is based on our 
insight that the accuracy of the identification is improved 
if it is avoided that the response of an irradiated surface 
which is not in the predetermined position or the re- 
sponse of other materials than the articles, such as for 
instance that of a damp surrounding the predetermined 
surface, is used for the identification, or if the us of such 
response is at least lessened. 

[0008] According to the invention the irradiation, 
measuring the response, and/or analyzing the response 
is started for each article individually, while the prede- 
termined surface of said individual article is accessible 
by the optical identification unit, i.e. at some moment 
during the period referred to above. It is possible that 
the irradiation, measuring and analyzing are all started, 
while the predetermined surface of an individual article 
is accessible by the optical identification unit. However, 
this is not necessary. It is for instance also possible that 
only one or two of the steps of irradiating, measuring 
and analyzing are started while the predetermined sur- 
face is accessible by the optical identification unit, the 
remaining steps being performed continuously during 
the process. It is for instance possible that irradiation is 
performed continuously during the process, and that the 
measuring and analyzing of the response are started for 
each article individually, while the predetermined sur- 
face of said individual article is accessible by the optical 
identification unit. As used herein "Starting the analyz- 
ing of the response while the predetermined surface is 
accessible by the optical identification unit" denotes an- 
alyzing a set of data which have been measured during 
a time interval, the start of said time interval being within 
a period in which the predetermined surface is accessi- 
ble by the optical identification unit. Preferably, the irra- 
diation and/or measuring the response is started for 
each article individually, while the predetermined sur- 
face of said individual article is accessible by the optical 
identification unit. More preferably, measuring the re- 
sponse is started for each article individually, while the 
predetermined surface of said Individual article is acces- 
sible by the optical identification unit. 
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[0009] In a preferred embodiment, the irradiation, 
measuring of the response, and/or analyzing the re- 
sponse is terminated for each article individually while 
the predetermined surface of the individual article is ac- 
cessible by the optical identification unit. This improves 5 
the accuracy of the identification. As used herein "ter- 
minating the analyzing of the response while the prede- 
termined surface is accessible by the optical identifica- 
tion unit" denotes analyzing a set of data which have 
been measured during a time interval, the end of said 
time interval being within a period in which the prede- 
termined surface is accessible by the optical identifica- 
tion unit. More preferably, the irradiation, and/or meas- 
uring of the response is terminated for each article indi- 
vidually, while the predetermined surface of the individ- 
ual article is accessible by the optical identification unit. 
Most preferably, measuring of the response is terminat- 
ed for each article individually, while the predetermined 
surface of the individual article is accessible by the op- 
tical identification unit. 

[0010] Preferably, the accessibility of the predeter- 
mined surface is determined using a sensor. Any sensor 
may be used which is capable of detecting the arrival 
and/or presence of an object at a predetermined loca- 
tion. The sensor may be a mechanical sensor or an op- 
tical sensor. The mechanical sensor may be any sensor 
which is capable of detecting the arrival and/or presence 
of an object at a predetermined location by mechanical 
contact. The optical sensor may be any sensor which is 
capable of detecting the arrival and/or presence of an 
object at a predetermined location. The optical sensor 
may be based on a principle that an light beam is con- 
tinuously emitted, and that the interruption of said light 
beam by the object to be detected, is detected. The op- 
tical sensor may also be based on a principle that a light 
beam is continuously emitted and that the reflection of 
said light beam by the object to be detected, is detected. 
[0011] In a preferred embodiment, the positioning of 
the articles in the transport system comprises fixing the 
articles to the transport system. In this embodiment po- 
sitioning the articles such that a predetermined surface 
of each article is in a predetermined position, can be 
effectively achieved. Preferably, the predetermined sur- 
face of each article has a predetermined distance to the 
optical identification unit, while the predetermined sur- 
face is accessible by the optical identification unit. Pref- 
erably, the predetermined surface of each article makes 
a predetermined angle with the irradiation beam or irra- 
diation beams of the optical identification unit, while the 
predetermined surface is accessible by the optical iden- 
tification unit. Fixing the articles to the transport system 
may for instance be carried out by fixing the articles to 
fixing means connected to a movable belt of a conveyor 
or to fixing means which are movably connected to a 
transport rail. An example how the articles may advan- 
tageously be fixed to a transport rail has for instance 
been described in WO-9906160, the contents of which 
are herewith incorporated by reference. 



[0012] Preferably, the articles are fixed to the trans- 
port system using fixing means and the accessibility of 
the predetermined surface is determined by detecting 
the presence and/or arrival of said fixing means at a pre- 
determined location. Detecting the arrival of said fixing 
means at the predetermined location may effectively be 
done using a sensor. Preferably, the fixing means are 
provided with an optical patch having different optical 
properties than the fixing means, and the detection of 
the arrival of the fixing means is detected by detecting 
the optical patch. Preferably, the optical patch is a re- 
flecting patch. 

[0013] Preferably, the predetermined surface is within 
an opening in the fixing means, for instance an opening 
in a clamp, which has for instance been disclosed in 
WO-A-9906160. 

[0014] Preferably, the optical identification unit is an 
optical spectrometer, such as for instance a Raman 
spectrometer or an infrared spectrometer. As used here- 
in infrared spectrometers also include mid-infrared 
spectrometers and near-infrared spectrometers. A very 
suitable spectrometer has been described in WO-A- 
9725605, the contents of which are herewith incorporat- 
ed by reference. A near-infrared spectrometer is very 
suitable for distinguishing between polyamide-6 and 
polyamide 6,6. 

[001 5] Methods for analyzing the response are known 
to the skilled person, and are for instance described in 
"Multivariate Calibration", by Harald Martens and Tor- 
mod Naes, John Wiley & Sons (1991) Great Brittain. 
[0016] The process according to the invention is in 
particular suitable if at least part of the articles are at 
least partly made from a polyamide, for instance polya- 
mide-6 and/or polyamide 6,6. The process according to 
the invention is very well suitable to distinguish between 
polymers of which the spectral response following irra- 
diation is only slightly different, such as for instance 
potyamide-6 and polyamide-6,6. If it is to be distin- 
guished between polyamide-6 and polyamide-6,6, PET 
and polypropylene, which are typical materials for face 
fibres of carpets, it is advantageous to use spectral in- 
formation in the range of 2000 to 3000 nm, preferably 
2200 to 2600 nm. 

[0017] The process according to the invention is very 
well suitable if the articles are textile articles, more in 
particular carpet or carpet materials, since in particular 
for these types of articles the problem often plays a role 
that a part of the surface which is In a predetermined 
position is generally surrounded by a part of the surface 
which is not in said predetermined position. Waste tex- 
tile articles, waste carpets and/or waste carpet materials 
can very well be identified using the process according 
to the invention. 

[0018] The invention also relates to an apparatus for 
identifying articles, said apparatus comprising 

a) an optical spectrometer (1) 

b) a transport system, said transport system com- 
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prising a transport rail (2) and transport units (3), 
the transport units comprising a body (4), coupling 
means (5) for fixing the articles (6) to the transport 
units, and a carriage (7), the carriage being mova- 
ble along the transport rail s 

c) a guide system (6,9) which is capable of cooper- 
ating with the body and/or coupling means, said 
guide system at least being present in the area of 
the optical spectrometer 

[001 9] As used herein "present in the area of the op- 
tical spectrometer" denotes that the guide system has 
such a position that it is capable of cooperating with the 
body and/or coupling means while the transport units 
are moved past the optical spectrometer. When using 
this apparatus, a very accurate identification is 
achieved. 

[0020] In a preferred embodiment the guide system 
comprises a guiding element which is essentially paral- 
lel to the transport rail, said guiding element being ca- 
pable of cooperating with the body and/or coupling 
means. The guiding element may for instance be a 
guide rail. Preferably, the body and/or coupling means 
comprise one or more guiding members which can co- 
operate with the guiding element. More preferably, the 
body and/or coupling means comprise at least two guid- 
ing members which can cooperate with the guiding ele- 
ment. Preferably, the guiding members are rotatable el- 
ements, such as for instance wheels. 

[0021] In a preferred embodiment the guide system 
comprises a pair of guiding elements which are essen- 
tially parallel to the transport rail and which are capable 
of receiving the body and/or coupling means. The pair 
of guiding elements may for instance be a pair of guide 
rails. 

[0022] Preferably, the guide system comprises a 
transversal guide system. A transversal guide system 
includes any system which is capable of preventing 
movement of the body and/or coupling means in the 
transversal direction, In particular in the direction of the 
irradiation beam or irradiation beams of the optical spec- 
trometer. 

[0023] Preferably, the guide system is a longitudinal 
guide system. A longitudinal guide system includes any 
system which is capable of preventing movement of the 
body and/or coupling means around the transversal di- 
rection, in particular around an axis parallel to the irra- 
diation beam or the irradiation beams of the optical 
spectrometer. 

Brief description of the drawings 
[0024] 

Figure 1 shows a schematic view of a preferred em- 
bodiment of the process according to the invention. 
Figure 2 shows a schematic top view of a preferred 
embodiment of the process according to the inven- 



tion. 

Figure 3 shows a schematic view of a preferred em- 
bodiment in which a guide system is present. 

Description of a preferred embodiment 

[0025] Below, a preferred embodiment of the inven- 
tion is described with reference to figures 1 and 2. Arti- 
cles, in this case carpets (6) are fixed to transport rail 
(2) via transport units (3) comprising a carriage (not 
shown) which is movable along transport rail (2), a body 
(4) and clamps (5). Clamps (5) are provided with open- 
ings (11 ) through which a part of the surface of the car- 
pets (the predetermined surface, 6a) can be irradiated 
with irradiation beams (20) of near-infrared (NIR) spec- 
trometers (1). (only one spectrometer shown in figure 
1 ). Transport units (3) are constructed in such a way that 
rotation around a vertical axis is prevented during move- 
ment past NIR-spectrometers (1). During movement 
past NIR-spectrometers (1 ) the predetermined part (6a) 
of carpets (6) in openings (11) are in a predetermined 
transverse position. Each transport unit (3) is provided 
with reflecting patch (21) which is detectable by sensor 
22 (which is capable of detecting the reflection of sensor 
irradiation beam (23) which is continuously emitted) at 
a moment at which the predetermined surface is acces- 
sible by irradiation beams (20), which are continuously 
on during the process. At the moment that reflecting 
patch (21) is detected by sensor (22) measuring of the 
response of the irradiated predetermined surface is 
started. The measuring of the response is terminated 
before the predetermined surface has ceased to be ac- 
cessible by NIR-spectrometers (1 ). It will be appreciated 
that it is also possible that reflecting patch (21 ) has such 
a position that it is detectable by sensor (22) at a mo- 
ment before the predetermined surface is accessible by 
irradiation beams (20) and that the moment at which the 
predetermined surface becomes accessible by irradia- 
tion beams (20) is derived from the rate at which trans- 
port takes place, it will be appreciated that it is also pos- 
sible that irradiation, measuring the response and ana- 
lyzing the response are started at the moment that re- 
flecting patch (21) is detected. 

[0026] Figure 2 shows a top view of a the present em- 
bodiment. Carpet (6) is fixed in clamp (5) having an 
opening (11). The distance between both sides (5a and 
5b) of clamp (5) is about 3.5 cm. Predetermined surface 
(6a) of carpet (6) within clamp (5) is in a predetermined 
position in contrast to the part of the carpet (6b) which 
is not within the clamp. Carpet (6) is moved in the direc- 
tion of the arrow (24) at a speed of 1000 m/hour past 
two NIR-spectrometers (1) having irradiation beams 
(20) which are continuously on. Reflecting patch (21 , not 
shown) is positioned in such a way that the moment is 
detected at which point A (about 1 cm from clamp side 
5a) crosses line C. At that moment measuring of the re- 
sponse is started. Thus, measuring the response is 
started while predetermine surface (6a) is accessible by 
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optical spectrometers (1 ). Spectra are measured (range 
2400 to 251 0 nm) using a detector in the NIR spectrom- 
eters (1) (not shown), the measurement time being 
about 50 ms. At the moment at which the measuring of 
the response is terminated, point B (about 1 cm from s 
clamp side 5b) crosses line C, so that the measuring is 
terminated while the predetermined surface is accessi- 
ble by spectrometers (8). 

[0027] The measured response (spectra) are ana- 
lyzed by known methods to identify the carpet as to the 
type of polymer, for instance using a principle compo- 
nent analysis. 



ated surfaces using the optical identification 
unit, analyzing the response to identify the ar- 
ticles as to the type of polymer, characterized 
in that the process also comprises the step of: 
d) determining when the predetermined surfac- 
es of the articles are accessible by the optical 
identification unit, 

and that the irradiation, measuring the re- 
sponse, and/or analyzing the response is start- 
ed for each article individually, while the prede- 
termined surface of said individual article is ac- 
cessible by the optical identification unit. 



10 



Description of a preferred embodiment in which a 
guide system is present 

[0028] Figure 3 shows transport rail (2) and one trans- 
port unit (3) in the area of near-infrared (NIR) spectrom- 
eter (1). The arrow indicates the direction of transport. 
Transport unit (3) comprises a carriage (7) which can be 
moved in transport rail (2) using a chain (not shown), 
clamp (5) (coupling means), and a body (4) which con- 
nects clamp (5) and carriage (7). A carpet (6) is fixed to 
clamp (5), having opening (11) through which a part of 
carpet (6) can be irradiated with the irradiation beam of 
optical spectrometer (1). In this figure carpet (6) is in a 
position that it can be irradiated through opening (11) 
with irradiation beam (20). At its upper part, body (4) is 
provided with two wheels (9) (guiding members) which 
can cooperate with guide rail (8). The combination of 
two wheels (9) and guide rail (8) prevent rotation around 
an axis parallel to irradiation beam (20). This improves 
the accuracy of the identification. A pair of guide rails 
(1 0) (guiding elements) is also present. Body (4) can be 
guided between said pair of guide rails (10). This pre- 
vents movement of the body (4) and clamp (5) in the 
transverse direction, which improves the accuracy of the 
identification. An accurate identification can take place 
during movement of the carpet past NIR spectrometer 
(1). The tranport system may for instance be provided 
with 50 transport units. The transport rate may for in- 
stance be 1000 m/hour. 



Claims 

1. Process for identifying articles which are at least 
partly made from at least one polymer, using an op- 
tical identification unit and a transport system, said 
process comprising the steps of: 

a) positioning the articles In the transport sys- 
tem such that a predetermined surface of each 
article is in a predetermined position 

b) moving the positioned articles past the opti- 
cal identification unit using the transport system 

c) irradiating the predetermined surfaces of the 
articles, measuring the response of the irradi- 



2. Process according to claim 1, characterized in 

is that the irradiation and/or measuring the response 
is started for each article individually, while the pre- 
determined surface of said individual article is ac- 
cessible by the optical identification unit. 

20 3 . Process according to claim 1 or claim 2, character- 
ized In that the irradiation, measuring of the re- 
sponse, and/or analyzing the response is terminat- 
ed for each article individually, while the predeter- 
mined surface of the individual article is accessible 

25 by the optical identification unit 

4. Process according to any one of claims 1 to 3, char- 
acterized in that the accessibility of the predeter- 
mined surface is determined using a sensor. 

30 

5. Process according to any one of claims 1 to 4, char- 
acterized in that the positioning of the articles in 
the transport system comprises fixing the articles to 
the transport system. 

35 

6. Process according to claim 5, characterized In 
that the transport system comprises a transport rail 
and that the positioning of the articles in the trans- 
port system comprises fixing the articles to the 

^0 transport rail. 

7. Process according to claim 5 or claim 6, character- 
ized In that the articles are fixed to the transport 
system using fixing means and that the accessibility 

45 of the predetermined surface is determined by de- 
tecting the arrival and/or the presence of said fixing 
means at a predetermined location. 

8. Process according to claim 7, characterized In 

so that the fixing means are provided with an optical 

patch having different optical properties than the fix- 
ing means, and that the detection of the arrival of 
the fixing means is detected by detecting the arrival 
of the optical patch. 

55 

9. Process according to claim 8, characterized In 
that the optical patch is a reflecting patch. 
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1 0. Process according to any one of claims 7 to 9, char- 
acterized In that the predetermined surface is with- 
in an opening In the fixing means. 

11 . Process according to any one of claims 1 to 10, 
characterized in that the predetermined surface of 
each article has a predetermined distance to the op- 
tical identification unit, while the predetermined sur- 
face is accessible by the optical identification unit. 

12. Process according to any one of claims 1 to 11, 
characterized in that the predetermined surface of 
each article makes a predetermined angle with the 
irradiation beam or irradiation beams of the optical 
identification unit, while the predetermined surface 
is accessible by the optical identification unit. 

13. Process according to any one of claims 1 to 12, 
characterized in that the optical identification unit 
is an optical spectrometer. 

14. Process according to claim 13, characterized In 
that the optical spectrometer is an infrared spec- 
trometer. 

15. Process according to any one of claims 1 to 14, 
characterized in that at least part of the articles 
are at least partly made from a polyamide. 

16. Process according to claim 15, characterized in 
that at least part of the articles are at least partly 
made from polyamide-6 

17. Process according to claim 16, characterized in 
that at least part of the articles are at least partly 
made from polyamide-6 and that at least part of the 
articles are at least partly made from polyamide-6,6. 

18. Process according to any one of claims 1 to 17, 
characterized in that the articles are textile articles 

19. Process according to claim 18, characterized in 
that the textile articles are carpets or carpet mate- 
rials. 

20. Apparatus for identifying articles which are at least 
partly made from at least one polymer, said appa- 
ratus comprising a transport system, an optical 
spectrometer and a sensor. 

21 . Apparatus according to claim 20, characterized in 
that the sensor is a mechanical sensor. 

22. Apparatus according to claim 20, characterized In 
that the sensor is an optical sensor. 

23. Apparatus according to any one of claims 20 to 22, 
characterized in that the transport system com- 



prises a transport rail and fixing means for fixing the 
articles to the transport rail. 

24. Apparatus according to claim 20 to 23, character- 

5 Ized in that the fixing means are provided with 
clamping means said clamping means having 
openings through which the objects can be irradiat- 
ed. 

io 25. Apparatus according to any one of claims 20 to 24, 
characterized in that the optical spectrometer is 
an infrared spectrometer 

26. Apparatus according to any one of claims 20 to 25, 

is characterized In that the fixing means are trans- 
port units, the transport units comprising a body (4), 
coupling means (5) for fixing the articles (6) to the 
transport units, and a carriage (7), the carriage be- 
ing movable along the transport rail, wherein the ap- 

20 paratus also comprises a guide system (8,9) which 
is capable of cooperating with the body and/or cou- 
pling means, said guide system at least being 
present in the area of the optical spectrometer 

25 27. Apparatus according to claim 26, characterized in 
that the guide system comprises a guiding element 
(8) which is essentially parallel to the transport rail, 
said guiding element being capable of cooperating 
with the body and/or coupling means. 

30 

28. Apparatus according to claim 27, characterized in 
that the body and/or coupling means comprise one 
or more guiding members (9) which can cooperate 
with the guiding element. 

35 

29. Apparatus according to claim 28, characterized in 
that said one or more guiding members are rotata- 
ble elements. 

40 30. Apparatus according to any one of claims 26 to 29, 
characterized the guide system comprises a pair 
of guiding elements (10) which are essentially par- 
allel to the transport rail and which are capable of 
receiving the body and/or coupling means. 

45 

31. Apparatus according to any one of claims 26 to 30, 
characterized in that the guide system is a trans- 
versal guide system. 

50 32. Apparatus according to any one of claims 26 to 30, 
characterized in that the guide system is a longi- 
tudinal guide system. 
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